This paper is presented in the form of a progress report with the primary objective of evaluating recent experiences with infectious mononucleosis observed at the Yale-New Haven Medical Center during the years from 1946 to 1955. Two preceding reports from this department, dealing with earlier experiences with this disease, have surveyed the 15-year period, 1923-193817 and the 8-year interval, 1936-1946.'1 The current series totals 166 cases of infectious mononucleosis, diagnostically acceptable on the basis of clinical, hematological, and serological criteria. The basis of their original selection was that the clinical diagnosis of infectious mononucleosis had been made. This original list was carefully reviewed, case by case, and a number of questionable cases were eliminated. Frequently, the unabsorbed heterophile antibody titre was either negative or below a minimum titre of 1: 80; although, by clinical and hematological standards, these cases were acceptable and included in the series of 166 cases as examples of infectious mononucleosis. These cases, which are 94 in number, have therefore been compared and analyzed throughout the paper with the group of 72 cases in which all criteria were satisfied. All of the cases have been admitted during the period, 1946 to 1955, to the Yale-New Haven Medical Center on either the medical or pediatric services and many were followed later in the out-patient departments of these respective services.
Since 1946, numerous clinical and epidemiological developments with regard to this disease have received attention in the medical literature.
Epidemiology. The disease has been increasingly recognized in the past decade and its frequency is increasingly apparent. Currently, M. A. RuggGunn" has reviewed a large series of cases of infectious mononucleosis in the British Royal Navy and finds it to rank second in frequency to rubella, if the common cold and influenza are excluded. However, there has been a significant lack of the occurrence of recognizable epidemics of bona fide examples of the disease. Although prevalent among hospital, university, and institutional population groups, infectious mononucleosis rarely has been observed among roommates and close associates. In their analysis of 47 cases in a New England college during the winter of 1948-49, Evans and Robintont1 found only one instance of its occurrence in roommates, and observed that the disease tended to involve freshmen and sophomores more frequently than upperclassmen. At the United States Army Military Academy, Hoagland1" also has noted the lack of prevalence of this disease in roommates.
Recent clinical experience. There has been an increased appreciation of the amount of diffuse organ involvement in infectious mononucleosis, particularly the liver. Liver biopsies have revealed a characteristic type of pathology consisting of mononuclear infiltration in periportal spaces and elsewhere, which can be differentiated from the pathology of infectious hepatitis. Evans9 reported from this laboratory, positive cephalin flocculation tests in 95 per cent of cases without clinical jaundice. In a series of 15 cases without jaundice, Cohn and Lidman3 correlated the severity of the disease with the amount of hepatic impairment and noted that the thymol turbidity and bromsulphalein excretion tests were of greatest clinical significance. In their series, Schultz and HallV' found evidence of abnormal bromsulphalein retention or abnormal flocculation tests in 92 per cent of 75 patients. In view of this fact that hepatic dysfunction is almost universal, liver function tests have been used by Watson et have demonstrated these findings in three individuals. Two cases of their series presented the Guillian-Barre syndrome, and autopsy revealed only minor ganglion cell changes in the spinal cord, but there was the additional involvement of spinal nerve roots.
Thirteen cases of acute hemolytic anemia, complicating infectious mononucleosis, have been described in the literature, and were recently reviewed by Thurm and Bassen.' Recovery occurred in all cases of hemolytic anemia, but splenectomy was considered necessary in two cases of this series in view of the severity of the hemolytic process. The etiology of this complicating hemolytic anemia in infectious mononucleosis remains obscure, but Thurm and Bassen mention that it may be either the result of the liberation of hemolytic immune antibodies or a marked hypersplenic effect. Thrombocytopenic purpura, as a complication of infectious mononucleosis, and its regression during the period of convalescence have frequently been observed.
Experimental transmission. In contrast to the multiplicity of clinical observations in this disease, the results of experimental transmission of infectious mononucleosis have been less revealing. Repeated attempts to transmit the disease to primates, including chimpanzees, have been carried on in several laboratories including our own and have in almost every instance been unsuccessful. Evans8 mentioned that prior to Further experimental attempts by Evans in 1950,1' in a group of 16 volunteers, produced suggestive diagnoses in seven subjects, but there was insufficient evidence to term these transmissions successful.
Recently, Hoagland"6 has suggested that on the basis of clinical experience, infectious mononucleosis may well be transmitted by direct and intimate oral contact, which allows for moderate salivary exchange, and that an incubation period of 33 to 49 days follows such exposure.
Differential diagnosis. In view of the increasing recognition of the protean clinical manifestations of infectious mononucleosis, the number of diseases for which it can be mistaken is expanding. It is not my purpose to present a complete listing of common diseases with which infectious mononucleosis may be confused, but among the most prevalent are: acute leukemia, infectious hepatitis, German measles, and acute appendicitis.
Acquired toxoplasmosis of the latent form may have generalized lymphadenopathy as a prominent feature, as well as a variable lymphocytosis. In this disease, a brief febrile period may occur, followed by lymphadenopathy persisting for several weeks and, in some instances, several months. Skipper, Beverley, and Beattie' have recently reported on two such cases of toxoplasmosis in young adults. In both instances, the Paul-Bunnell tests were negative. Siim'2 has commented that in some illnesses diagnosed clinically as infectious mononucleosis in which the Paul-Bunnell reaction is found to be negative, the serological reactions may well be positive for toxoplasmosis.
In 1942, Blake, Welt, and Craige' described a disease process characterized by transient fever, red-brown maculo-papular rash, lymphadenopathy, and leukopenia with lymphocytosis. The sheep cell titre was not elevated, and the presence of atypical lymphocytes was not uniform. They suggested, therefore, that this may be a variant form of infectious mononucleosis.
Cases of another differentiated disease, infectious lymphocytosis, have usually been described in the pediatric age group, although several adult illnesses have been reported. The majority of patients have exhibited signs of an upper respiratory infection, without further clinical symptomatology; however, abdominal pain and central nervous system signs may be associated findings. The significant characteristic is the leukocytosis, ranging, according to Riley,"8 from 22,500 to 120,000, with small mature lymphocytes varying from 62 to 97 per cent of the differential white cell count. This abnormal leukocytosis usually persists for two to five weeks, but lymphocytosis as long as seven months has been described. The heterophile antibody agglutination is negative in all cases.
Current literature contains numerous consecutive reports about the recent epidemic of 119 cases of an infectious disease,' which was initially thought to be infectious mononucleosis, at the Royal Free Hospital in London. This epidemic was of such magnitude that the hospital was forced to discontinue admitting patients for a limited time. The disease was characterized by malaise, sore throat, cervical adenopathy, headache, vertigo, and frequent signs of an encephalomyelitis. In no instance, however, were the typical lymphocytic abnormalities or elevated heterophile titre found to be present. Figure 1 , general hospital admissions to the Yale-New Haven Medical Center have also steadily increased. Their rise in the last four years (1950) (1951) (1952) (1953) (1954) has been due in part to the consolidation of the New Haven Hospital and the Grace Hospital. The latter, however, accounts for a relatively small percentage (one per cent) of the total number of infectious mononucleosis patients admitted during that period.
It is my interpretation that this rising incidence is not necessarily due to an actual increase of the disease, but that two factors are important:
(1) the disease is being diagnosed more accurately and (2) the cases are being hospitalized with greater frequency.
Age. In this series of 166 cases, the maximum frequency occurred between the ages of 16 and 29 years, as illustrated in Figure 2 . A similar age distribution pattern was established for the comparative group of 72 cases, chosen on the basis of more exacting diagnostic criteria. There was a significant number of childhood cases with 16.8 per cent present in children under ten years of age as noted in Table 1 Occupational relationship. As noted in preceding paragraphs, the highest incidence of patients with infectious mononucleosis occurs between the ages of 16 and 29 years in this case analysis. This particular age distribution may be a prime determining factor in the occupational categorization of these patients, since approximately 50 per cent of patients have occurred among hospital, university, or institutional groups. The current series emphasizes the high, although sporadic, incidence of the disease, primarily among medical students, nurses, internes, and secondarily among university students and institutional workers, which is in keeping with previous experiences. Numerous reports have also appeared in the literature concerning the frequency of the disease in military establishments (Wechsler et al.)' and training schools (Hoagland) . ' Nevertheless, there must be other environmental factors involved in this disease which are over and above the mere exposure in hospitals and institutions, for otherwise one would be hard put to explain such findings as the significant number of cases in the pediatric age group. The occupational relationships of a control series of patients have been analyzed and the findings presented in Table 2 . These controls were matched according to age, sex, and hospital year and all cases were admitted to the Yale-New Haven Medical Center during the period from 1946 to 1955. Five disease entities were used as a basis for the selection of controls, i.e., (i) infectious hepatitis, (ii) rheumatic fever, (iii) scarlet fever, (iv) acute appendicitis, and (v) primary atypical pneumonia.
The most striking contrast between the current series of infectious mononucleosis cases and the above control group was the fact that hospital workers accounted for 32 per cent of the cases in this series, whereas they represent only 4 per cent of the control group. It is suggested that this may be due to the fact that the disease is more readily detected in a hospital population in view of a more careful clinical surveillance and additional laboratory tests. Also, hospital personnel would be admitted to the hospital for study perhaps more readily than members of the surrounding community.
In the control series, 24 per cent of cases represent hospital, university, and institutional workers, whereas over 46 per cent of the cases are from specific occupation groups, i.e., office workers, housewives, factory workers, laborers, salesmen, etc. Among the professional and technical workers, there was no significant percentage difference between the infectious mononucleosis cases and the controls. Consequently, the designation of infectious mononucleosis as a so-called "white collar" disease was not borne out in this particular comparative case study. enlargement. Malaise and headache were the next most prominent symptoms noted.
Actually, the symptomatology during this early period bore the same relationship in both the total case study of 166 individuals and the smaller comparative group of 72 individuals. The febrile period may become more exaggerated at the end of the first week, and in many cases may increase daily in a step-wise fashion. Frequent cases, however, experienced a high, sustained fever with the onset of the disease. In approximately 45 per cent of the cases in both series, generalized glandular enlargement was present by the end of the first week; 25 per cent of individuals had splenomegaly at this time. There was a one per cent incidence of definite clinical jaundice during the first week of illness in this series.
Neurological symptoms were present in a very small percentage of cases, and the most severe complication in this series was that of a transient, left facial paresis which the patient developed on the fourth day of illness. Lumbar punctures were performed in 20 cases with the subjective symptom of headache but without objective neurological findings and 8 of these individuals (40 per cent) had elevated CSF protein determinations, ranging from 45 mgm.%o to 119 mgm.%o. A pleocytosis was present in the CSF of 4 cases (20 per cent).
Second and third weeks or mid-stage symptoms. Approximately 58 per cent of the cases in this series experienced persistent symptoms during the second and third weeks. It is in the second week of the disease that the full clinical picture becomes manifest. Generalized glandular enlargement, cervical adenopathy, and fever were the three most prevalent symptoms, and splenomegaly and hepatomegaly were present in about 30 and 25 per cent of the cases, respectively. Pharyngeal complaints were frequent, with sore throat being more commonly noted than either the objective findings of tonsillar exudate or pharyngitis.
Clinical jaundice was observed in only 3 per cent of cases during the second week of illness. In 47 nonjaundiced patients, liver function tests were performed during the second-and third-week period and were abnormal in 85 per cent of these individuals.
Late or convalescent symptoms. Fifteen cases (9 per cent) in this series had either objective or subjective symptoms beyond three weeks. Generalized glandular enlargement continued in 73 per cent; splenomegaly persisted in 47 per cent of the individuals. Symptoms of malaise and anorexia persisted in some instances for several weeks, and one case experienced generalized adenopathy and low-grade fever for a period of 12 months.
There were no deaths in this series, and the most severe complication was that of an associated hemolytic anemia, which was present in two cases, both of which responded well to cortisone therapy. In one case, electrocardiographic abnormalities consisting of T wave depressions in Leads I, II, V4-6 were present. Blood picture. The patterns of total white blood count and differential count are summarized in Figure 3 . These data are based on an analysis of 347 blood counts in 166 patients.
In many ways, this complication of data yields disappointing results in that the aggregate counts during the first week of the disease did not depict a trend observed in many individual patients, i.e., an initial leucopenia, followed by a moderate leucocytosis developing during the second week of the disease, and reaching a peak at approximately the 15th day of the disease.
Many of the present series had a leucocytosis during the first week of the disease which persisted throughout the second and third weeks of the illness. Lymphocytosis increased at the end of the first week of the disease and persisted throughout the second and third weeks of illness. The average degree of lymphocytosis during this period was between 50 and 70 per cent.
The two cases of this series which were complicated by hemolytic anemia developed this complication during the second week of the disease. Hematocrit levels dropped from 47-32 and 42-32, respectively, and were associated with elevated retic- Figure 4 .
The data are based on the results of 206 serological tests. It will be seen that during the first week of illness, only 38 per cent of the cases had significantly positive titres, but that this increases to 60 per cent during the second week, and reaches a peak of 79 per cent positive in the third week of the disease. A precipitous decline in heterophile antibody titre then follows in the fourth and subsequent weeks.
It is apparent from these data that the diagnosis should not be made on the basis of one test alone, and that sequential tests should be used. In view of the sharp decline in titre after the third week, it appears, as has been suspected in the past, that we are dealing in this disease with a transient and short-lived antibody.
Comment and summary. This analytical report of the hospital records of 166 cases of infectious mononucleosis, admitted to the Yale-New Haven Medical Center during the period, [1946] [1947] [1948] [1949] [1950] [1951] [1952] [1953] [1954] [1955] , is the third of such progress reports from this particular institution. Although it was felt that each of the above 166 cases was clinically diagnostic of infectious mononucleosis, in many cases the heterophile antibody titres were either negative or not significantly elevated. Thus, the results of this larger number of cases were compared with a group of 72 cases in which serological criteria were diagnostic and found to be essentially the same. Consequently, analytical results were considered to be statistically valid in all of the original 166 cases.
The frequency of diagnosis of infectious mononucleosis was noted to be steadily increasing, and it is the author's opinion that this indicates an increasing degree of familiarity with the disease and its recognition on the part of physicians in general. No epidemic form of the disease has been apparent in this population group. The age distribution of this series revealed maximum incidence to occur between the ages of 16 and 29 years, and there was an increased number of cases diagnosed in the pediatric age group. As previously noted, no seasonal variations could be established.
The occupational relationships of these cases were reviewed and approximately 50 per cent of the patients came from hospital, university, or institutional groups. A control series of patients, matched according to year, sex, and age, was examined and the marked increase of infectious mononucleosis in the hospital population was substantiated by comparison. However, among nonmedical professional and technical workers, there was no apparent difference between the study and control groups; thus, the designation of infectious mononucleosis as a so-called "white collar disease" could not be substantiated in this particular analysis.
Clinical features of the disease were reviewed and certain complications present in this series were included. An analysis of the blood picture was presented and an early leukopenia followed by a significant rise of the lymphoid elements beginning at the end of the first week of the disease was observed in many cases.
The heterophile antibody titre was found to be significantly positive in 38 and 60 per cent of tests during the first-and second-week periods, with a maximum of 79 per cent of tests diagnostically positive during the third week. The value of sequential determinations of heterophile antibody titre for a definitive diagnosis was noted.
